Introduction
to how these findings may be extrapolated to humans. Because of the known difficulties in obtaining human The delayed rectifier potassium current (I ) is one of the tissue in general and undiseased human ventricular tissue K most important transmembrane ionic currents controlling for research in particular, no studies have so far characterrepolarization in mammalian ventricular muscle [1] [2] [3] .
ized I in healthy human ventricle. The few available data K This current was first described by Noble and Tsien in on I have been obtained in ventricular myocytes disso-K sheep cardiac Purkinje fibres [4] and has since been ciated from diseased human hearts. These data indicate identified in various species and cardiac tissue types [4] [5] [6] [7] .
considerable variation that probably reflects differences in In most species, I consists of two components, I (rapid) the origin of the tissue sample within the ventricle and in K K r and I (slow). These two components differ from each cell isolation procedures and experimental conditions [14-Ks other with respect to their drug sensitivity, rectification and 18]. Previous studies in ventricular myocytes dissociated kinetic properties [8] [9] [10] . The characteristics of these from cat hearts with experimentally induced heart failure currents have been extensively studied using the patchhave shown I to be significantly altered [19] . K clamp technique in ventricular myocytes obtained from Beuckelmann et al. found that I was absent or hardly K several mammalian species. These studies have revealed detectable in human left ventricular myocytes [14] , but important species differences in the existence and propothers verified the existence of I in diseased human 21 from explanted human hearts [18] . In this latter study I into Ca -free Tyrode's solution supplemented with K 21 was examined using Cd to eliminate the inward Ca taurine (50 mM) and CaCl ( One drop of cell suspension was placed in a transparent explantation and removal of the valves, hearts were recording chamber mounted on the stage of an inverted transported in to the laboratory in cold (48C) cardioplegic microscope (TMS Nikon Co, Tokyo, Japan) and the solution. A portion of the left ventricular wall was excised individual myocytes were allowed to settle to the bottom together with its arterial branch and was mounted on a of the recording chamber for at least 5 min before modified 60 cm high Langendorff perfusion apparatus, superfusion was initiated. Only rod shaped cells which where it was perfused through a branch of the left anterior showed clear striations were used for study. Altough the descending coronary artery with solutions in the following yield varied greatly between isolations (from 5 to 70%), 21 sequence: normal Tyrode's solutions (10 min), Ca -free the ease of seal formation, the stability of the seals and the 21 Tyrode's solution (10 min), Ca -free Tyrode's solution to quality of the measurements did not correlate with the which collagenase (type I, 0.66 mg / ml, Sigma Chemical, yield. Cell capacitance (194.0621.7 pF, n528) was St. Louis, MO, USA), elastase (type III, 0.045 mg / ml, measured by applying 10 mV hyperpolarizing pulse from a Sigma Chemical, St. Louis, MO, USA), taurine (50 mM, holding potential of 210 mV. The capacity was measured Sigma Chemical, St. Louis, MO, USA) and bovine serum by integration of the capacitive transient divided by the albumin (fraction V, fatty acid free, 2 mg / ml, Sigma amplitude of the voltage step (10 mV). Action potentials Chemical, St. Louis, MO, USA) had been added (45 min).
could be recorded from these cells by applying the currentAfter this first step of enzymatic digestion the solution was clamp mode of the patch-clamp technique. These were supplemented with protease (type XIV, 0.12 mg / ml, Sigma similar to action potentials measured by the conventional Chemical, St. Louis, MO, USA) for a further 45-60 min of microelectrode technique in intact human right ventricular digestion. Portions of the left ventricular wall that were papillary muscles. Hepes buffered Tyrode's solution was clearly digested by the enzymes were cut into small pieces used as normal superfusate. This solution contained (mM): and were placed either into Kraft-Bruhe (KB) solution, or NaCl 144, NaH PO 0.33, KCl 4.0, CaCl 1.8, MgCl the Hoechst AG, Frankfurt, Germany) was also prepared Ca exchanger currents) could also be activated during freshly daily in 50% ethanol as a 5 mM stock solution.
depolarizing pulse, the tail current after the end of the test Micropipettes were fabricated from borosilicate glass potential was measured to assess I (Fig. 1) . The am-K capillaries (Clark, Reading, United Kingdom) using a plitude of the tail current was determined as the difference computer controlled horizontal puller (Mecanex, Nyon, between the peak current during the pulse and the current Switzerland) and had a resistance of 1.5-2.5 MOhm when level at the end of the test pulse. This tail current was filled with a pipette solution containing (in mM) K-asparcompletely abolished by 5 mM E-4031 ( currents were recorded with an Axopatch-1D amplifier for nifedipine and 19.23 mV for Cd ). In the presence of (Axon Instruments, Foster City CA, USA) using the CdCl the current-voltage relation was shifted to the right 2 whole-cell configuration of the patch-clamp technique. compared to that established in the presence of nifedipine. After establishing high (1-10 GOhm) resistance seals by gentle suction, the cell membrane beneath the tip of the electrode was disrupted by further suction or by applying 1.5 V electrical pulses for 1-5 ms. The series resistance was typically 4-8 MOhm before compensation (usually 50-80% depending on the voltage protocols). Those experiments in which the series resistance was high, or substantially increased during the measurements, were discarded from the analyses. The membrane currents were digitized using a 333 kHz analog-to-digital converter (Digidata 1200, Axon Instruments, Foster City CA, USA) under software control (pClamp 6.0, Axon Instruments, Foster City CA, USA). The results were analysed using software programs purchased from Axon (pClamp 6.0, Axon Instruments, Foster City CA, USA) and were lowpass filtered at 1 kHz. When recording action potentials from intact human right ventricular papillary muscle, the conventional microelectrode technique was used as de- This result indicates that I activates at a less positive ms; n55) in the presence of nifedipine ( Fig. 2A) and over K 21 potential range in the absence of Cd . Both currentan order of magnitude slower (657.16109.1 ms; n55) 21 voltage relations inwardly rectified. when the cells were instead exposed to Cd to block I Ca Deactivation kinetics of the tail currents were also (Fig. 2B) . distinctly different in the presence of either nifedipine or
The reversal potential of I was measured in the Kr 21 Cd (Fig. 1A and 1B) . Thus, with nifedipine the deactipresence of nifedipine by clamping back the cells to vation of I -tail was considerably slower than in the voltages between 2100 mV to 240 mV after a 1000 ms K 21 presence of Cd . Results obtained in seven and eight long depolarizing pulse to 130 mV from a holding cells, respectively, for deactivation of the I -tails in the potential of 240 mV (Fig. 3 ). The tail current was K 21 presence of nifedipine and Cd are summarized in Table  determined as E-4031 sensitive current (subtracting the 1.
current traces before and after application of 5 mM E- 130 mV test potential with pulses ranging from 10 ms to 5000 ms and tail currents were recorded after repolarization to 240 mV. Pulse frequency was 0.05 Hz. In a recent study in myocytes dissociated from explanted right human ventricle, both I and I were described in BaCl (Fig. 6A ). Under these conditions, and after addition 2 forskolin to the tissue bath activated a steady-state outward current (c) of 5 mM E-4031, a small tail current component was (probably due to an increase in a cAMP dependent Cl-conductance), no observed (Fig. 6B) . This residual tail current resembled outward tail current was observed. Ks 21 Since in our hands the amplitude of the Ba -induced tail constant was 101 ms and similar values were obtained by current was small, no further attempt was made to charWang et al. in human atrial myocytes (¯90 ms) [23] . acterize it.
The properties of I in our study best resemble those Kr observed by Gintant in dog ventricular myocytes [9] . In Gintant's study nisoldipine was used to block I and I Ca Kr 4. Discussion was found to activate quickly (within 50 ms), while it deactivated slowly (t¯2000 ms). In the dog ventricular In this study I was identified and characterized in myocytes examined by Gintant however, there was also a Kr undiseased human ventricle. This current exhibited fast substantial E-4031 insensitive tail current. This current was activation and slow deactivation kinetics. These kinetic attributed to I and was not observed in the present study Ks 21 properties were shown to be greatly influenced by Cd 
